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A B S T R A C T
This research attempts to use Black-Schole-Merton (BSM) model based on market approach to predict default probability of publishing bank in Indonesia. This is done by using stock prices and financial report. In this effort, this study estimates the neutral risk and default probability for the publish bank. The result showed that option model can predict default status more with accurate event long before default information was published for public. It can be studied from the case of Bank Century that has been imposed as a failure bank, in which it is known as bailout bank by the Indonesian government. The model does not only provide the ordinal ranking for the bank sample but also the good early warning prediction for the public. The probability estimation based on the option model can be an innovative model to measure and manage credit risk on the future for predicting probability default in Indonesia.
INTRODUCTION
The progress of mapping towards the company which fails (the default) is considered an important part of the measurement of credit risk in financial institutions. When the company fails to predict the probability of potential partners, it is critical for the banks to see before they provide the credit. Moreover, it is clearly essential when viewed from the theory. In relation to this matter, the bankruptcy of the company occurred is due to the fall of the value of the assets or by a decrease in liquidity, namely the fall of the company's ability to raise capital to fund the project.
There are three elements that determine the probability of failing companies, namely: the value of the asset, the asset value of the uncertainty of risk and leverage (debt contracts extend the company). The risk of failed companies' increases as the value of the asset book value of debt is approaching. For example, a negative return, eventually the company would have failed when the value of its assets is not sufficient to pay its debts. The market value of assets leads into a very strong predictor (powerful) because the value of the assets is an indicator for the economic outlook which is either good or bad from the company (Black and Cox 1976; Leland 1994; Davydenko 2005 ).
In the condition above, the company will fail if the value of the assets is low despite its abundant liquidity. Although credit rating agencies have expertise in assessing the initial rating corporate bonds, they always get criticism for its response delay of the incident failed. This delay can be exemplified in the event of a crisis in Southeast Asia and the Enron case. In addition, this delay occurs because the agency in determining the rating to go through cycles of their methodology. This is in contrast to the predictions of the model fails the annual, rating agency put a little weight on short-term indicators of credit quality that allows them will lose its strength early warning.
It seems there is a problem with an external rating model. This problem arises because of the assumption of uniformity of probabilities failed (default probability) of the partners who have the same rating class or the partners who are in the same rating class. Failed here may be a continuous process (continuous process) which is not shown through credit migration approach. The value of the asset models of the Black and Scholes (1973) is a model that can solve the two problems above. Thus, the Black and Scholes Model is a model for assessing the credit risk of the company's debt. The model proposed by Black and Scholes in his seminal research on option pricing model (option) which later developed by Merton (1974) . Merton in his researches actively continues to support the research of the Black and Scholes have, therefore later this model is sometimes referred to as a model of Merton. Recent empirical studies such as Kealhofer et al. (1998) , Delianedis and Geske (2003) , Leland (2002) , Vassalou and Xing (2004) , shows that the theoretical probability that the measured size of the structural models of default risk has strong predictive power on credit ratings and credit transition. Furthermore, an approach to the Black-ScholesMerton (BSM) is known as a model failed structural, credit events triggered by the movement of the value of the asset or the base value (underlying value) company against a threshold value (threshold value) or point fails (default point). However, the structural approach is also referred to as the approach to the value of the company, namely the occurrence of credit is a form of the value of the company, and associate events with the credit company's economic base.
Again, the value of the company's assets and the volatility of the asset can be estimated using the equity market data and of course the market value of equity of this information is updated regularly.
For example, in 1984, Merton and Vasicek implement the model proved very successful in measuring credit risk. In a seminal study, Vasicek (1984) also determined the probability of failing by comparing the value of the assets of a company with a debt level of the company's capital structure. In addition, Duffie and Singleton (1999) defines the framework of "modeling" as a structural approach to credit risk assessment.
Commercial implementation of this above model was also done by VMR which later it is known such as Moody's KMV or M-KMV. M-KMV model implemented in the Americas Tuft, the UK, and some emerging market countries such as South Africa. All these facts show that the model BSM provides a strong practical basis for measuring credit risk (Moody's KMV 2003) . Furthermore Hadad, Santoso, Large, Rulina (2004) in his research shows that the model can distinguish well Merton companies that do not, and that failure. A Bandyopadhyay (2007) state that the model can be signal option is a good early warning for the status of the failed company. Chen, Chidambaram, Immerman, Soprazentti (2012) applied the model of Merton in the case of Lehman Brothers in mid 2008 financial crisis year and is able to predict the probability to fail well before the bankruptcy of Lehman in 2008. Ayomi and Herman (2013) Merton model has a quality that is so special because the model does not require assumptions on the functional form used as a signal of potential risks and probabilities fail early. Kulkarni, Mishra, and Thakker (2012) showed that the BSM model was found to be robust probability measure for the default trigger point.
From the above description, it appears that the existence of the problem of delay reaction of the rating, and that the model of Merton (1974) with the model predictions and the volatility of the asset value of its assets is expected to cover the weaknesses of the rating agency rating,. In that case, the research problem raised in the present study whether the model Merton (1974) can become a good predictor of the probability of failing (probability of default) for banks in Indonesia. Besides that, whether the market value of assets and the value of the asset volatility are able to be a strong predictor for determining the probability of failed banks in Indonesia to show the economic conditions these banks.
The study was firstly motivated by the issue of bankruptcy and thus it requires a prediction model as proposed by Merton (1974) . Such model has not been studied in Indonesia and even in the devel-oped countries. This model is getting serious attention until now. It also intends to see whether the market value of assets and the volatility of assets capable can become a strong predictor of the probability of failing companies like modeling for determining the market value of assets and the volatility. These assets depend on the condition of the capital markets in the country where the study was conducted.
Based on such purposes, the research objectives are as follows. It uses a probability model failed Merton (1974) to determine the probability of failing banks in Indonesia, and Using the model of Merton (1974) to determine the market value of assets and asset volatility. It is expected to provide the following three contributions. First Contributions academic namely the use of the model predictability failed Merton (1974) on the banks in Indonesia. Later, the result of this study is also expected to equip more information for the previous studies. Second, empirically, this study is also expected to contribute empirical model of Merton (1974) in which it can be used as the predictability of the probability of failed banks in Indonesia. The third contribution of policies, the results of this study are expected to contribute to the policy-making process that the model of Merton (1974) can be used as an early warning system for the probability of failed banks in Indonesia.
THEORETICAL FRAMEWORK Failure Probability Model
Some literatures related to on credit risk models can be noted. The first generation of the main credit risk models consists of the following. It is the model which uses basic structural Merton option pricing model of Black and Scholes. Both models of Altman (1968) , use statistical models ratio basis. In many cases, the multivariate model based on accounting data has shown good performance in several different time periods and across several different countries (Altman and Narayanan 1979) . However, it has been criticized because many of their models only are still based on the accounting book value data. Many researchers question the traditional statistical models based on the ratio that is only based on accounting data is discrete and not allow non-linear effect between different credit risk factors.
In certain cases, the above model cannot yet catch the bad effects of the business cycle that affect the creditworthiness of the partner companies. On the other side, the neural network approach may be criticized on the basis of the special theory (ad hoc) and its use of data mining to identify correlations are invisible (hidden correlation) between the explanatory variables (explanatory variable). Pioneer work of Black and Scholes (1973) in their seminal research on option pricing theory (option pricing theory) and advanced research by Merton (1974) which is then referred to as BSM, addressing this issue by combining factors such as the market value of assets and the company's business risk.
Black-Scholes-Merton (BSM) introduced a claim contingent approach to assess the company's debt by using option pricing theory (option pricing theory). Failed (default) is assumed to occur when the when the market value of assets falls below the value of the debt. Essentially, shareholders receive an option to fail on its debt. Publisher will execute (to exercise) this option when the value of the asset does not have enough value to cover its debts.
Although the structural model has some assumptions behind the theory of restrictive Latas (restrictive theoretical background) reference, the asset value of geometric Brownian motion following the company (geometric Brownian motion) and that each company only published one without coupon bonds (zero coupon bond)). This assumption is practically very useful in predicting the company failed bonds, due primarily based on the stock price time series data are already available. The ability to diagnose the input and output of the structural model of the economic variables that can be understood facilitate good communication between lenders, credit analyst and portfolio manager of credit (Aora et al. 2005) .
Now that the market value of assets is a proxy for the market assessment of the risk of an entrepreneur, the asset volatility captures part of the business risk and leverage value capture solvency status of the company. Instead, the models only based on the ratio of the balance sheet may not be able to distinguish between the volatility of assets and leverage the company (Kealhofer 2003) . Again, Merton (1974) describes the idea that equity and debt can be equated as an option (option) for the value of the assets of the company. If the return of negative company and the value of the company's assets fall below the value of the debt, then the company can be declared as failed (often also referred to as the theoretical failed).
Return true or actual return is the sum of the single common risk factor (as a representation of systematic risk) and the idiosyncratic shock (idio-syncratic shock) (representation of specific risk) against the company. Both follow the standard normal distribution. Idiosyncratic component does not correlate with the systematic component and an idiosyncratic component of other companies. The model states that there is no firm base value or volatility that can be observed directly. The model assumes that the value of both (basic enterprise value and volatility) can be defined as the value of equity and equity volatility and other variables that can be observed by solving two simultaneous nonlinear equations.
After getting the value of the company's assets and the volatility of the asset value of the model, the probability of failure is the normal cumulative density function of the value (z scores). These are dependent on the company's core values (value of assets), the volatility of the asset value, and the value of face value of corporate debt as a point failed. Z value is known as the distance to fail (distance to default) company.
RESEARCH METHOD a. Failed to Structural Modeling Approach BSM
In this context, a BSM Model states that equity firm is buying option (call option) of the company's core values with the option price (strike price) equal to the face value of corporate debt and debt maturities as maturity (time to maturity). Some proponents believe that the incidence of failed driven market value of the company's assets, the level of debt (outside liability) company and variability or changes lead to the market value of assets in the future. This is due to the fact that when the market value of the assets of the company approaches the maturity time, the book value of debt the company increases the risk of failing. This means that the point fails (default point) is the threshold value of corporate assets (located between total debt and current debt) which is the point of failing companies. For that reason, the net worth companies are relevant for there is a difference between the market value of assets and point failed. Failed occurs when the wealth of the company is close to zero or the value of assets falls below the point failed.
b. Numerical
Step It is stated that Model of Merton (1974) refers to the equity firm which is an option for the value of the assets of the company. If VT < D, then theoretically the company is declared a default on its debt obligations on time T. here, the value of equity will become zero. Conversely, if VT > D, the company will repay the loan in time T, the value of equity after debt payments amounted VT -D, VT notation indicates the market value of assets and D is the book value of debt. Merton model is further stating that equity firm value at time T would like the following equation:
(1) The above equation shows that the value of equity (E T ) is a call option on the value of the asset at the strike price equal to the payment of debt. On the other hand, the Black and Scholes formula (1973) states the value of equity as follows:
In which, as follows:
The current market value of debt is: V 0 -E 0
The risk neutral probability of failing on debt is: N (-d2). The, the E 0 value can be observed if the bank trades to the public. Thus, that equity volatility can be estimated by Ito's Lemma follows:
(2) The above is intended to solve the non-linear system of two equations of equation (1) and (2) above will be used Rhapson Newton algorithm as suggested by Hull (2002) of the form f (x, y) = 0 and G (x, y) = 0 to get two unknown variables, namely: market value of the asset (V) and the volatility of assets (σV). Solving this problem is done through the optimization problem and to minimize F (x, y) 2 + G (x, y) 2 for V and σV with the subject barrier V0 > 0 & σV > 0 in the following form:
Later on, the maturity period (T) is assumed equal to 1 (one year) in order for the EDF can be estimated in the annual form.
a. Estimates of Risk Neutral EDF
After solving the two equations of Black and Scholes, the market value of assets within one year and the volatility of asset returns can be found. The next step is entering a value V, σV, and the risk free rate (r) to obtain distance to default (DD) by finding the form d2 that is the following equation:
The above is related to the formula of the Black and Scholes and Merton, risk neutral probability of default at time t is defined by the following equation:
(2a) When the probability of default is transformed into the threshold (threshold) is normal with mean of 0 and variance 1, it will get the following equation:
When finished determining the value of the company (V) and volatility (σV), risk neutral probability of default can be calculated by the following equation:
The above equation shows that the notation r is the risk free rate and N () is the standard normal cumulative distribution with the calculation as follows: The default point is defined as the amount of shortterm debt and half of long-term debt. Short-term debt is debt that is due or will be paid back within one year and long-term debt maturing in the years covered by the study. Long-term debt is the difference between total long-term debt and short-term debt. For the risk free rate, in this study, it is used for SBI of 1 year (364 days).
b. Search for drift (drift) and the probability of failed real assets (or real EDF) Once the value of the asset is found, V and volatility of asset value, σ V , can be found. And, then, the next step is to get the real probability of failing by searching for the drift value of assets μ V first. Drift value of these assets can be estimated by solving the two equations (3a) and (3b) as the following form:
(3a) The equation above shows that equity follows the stochastic process of differential equations. Here E t represents the value of equity and σE represents equity volatility. Then, through relationships above definition, it can be generated: V t = E t + D t and dV t = dE t + dD t ., showing that the value of the assets of the company should be equal to the value of debt and equity and changes in the value of assets should be equal to the change of the value of equity and debt. Through Ito's Lemma, further equity process can be represented by the following equation:
It is done by comparing the shape of the diffusion of the equity of equations (3a) and (3b), obtained relationship in the following equation: The dz shows the distribution function of the standard normal distribution. The above size with the size of a standard sensitivity is in Greek option of purchasing the European option. After finding notation or expression of then will compared with the drift form of equation (3a) and (3b) and search for solving the drift value of the assetμ v :
The drift equity (equity growth rate expectations) or μ E can be estimated from the stock market information. To estimate μ E , it can use Capital Asset Pricing Model (CAPM), associated with the CAPM beta of the model will be sought following equation:
(3i) The notation equity of beta β is sought by the following equation:
The notation R E and R M respectively show equity returns and market returns, while σ E , σ M and ρ respectively show equity volatility, the volatility of the market portfolio, and the correlation between equity returns and return market. Return equity shares resulting from the monthly returns by using the following formula:
. The market return is resulted from Composite Index price (IHSG) with the formula as follows:
The standard deviation of monthly returns referred to as monthly volatility. The Beta estimation of the stock will be obtained by regressing stock market return (R M ) with stock returns (R E ). The π notation indicates the market risk premium for beta risk or market price of risk, which is defined by the following equation:
The notation of μ M shows the expected returns of the market portfolio is the mean return of IHSG.
By finding the value of β and π, the next step is to use the SBI 30 days as the risk-free rate (r) and π by using equation (3i) and (3j) that will get the drift equity ofμ E . The next step is to enter the drift equity together with equity theta and delta and gamma in equation (3h) to get the drift value of the asset of μ E .
After finding V, σv andμ v , it calculated the real probability of failing (EDF riil) with the following equation:
Data and Sample
This study uses secondary data taken from the capital market and the audited financial statements. The data required consist of bank liabilities both short-term and long-term, market capitalization, financial statements and balance sheet ratios that have been audited by a public accountant, the closing stock price of monthly trading, the SBI as a proxy for the risk-free rate. For the sample, it comprises all the public banks operating in Indonesia whose shares are listed on the floor Stock at the time of recording a minimum of 1 year at the time of the research conducted
DATA ANALYSIS AND DISCUSSION
As presented in Table 1 , it can be seen that the data from a sample of 23 banks for analysis. These banks are listed on the Indonesia Stock Exchange (IDX) for 2005. These banks were selected because they are the banks are public ones and listed eligibility one year prior to the year 2005. The reason for the selection was at least one year prior to 2005. Such selection is intended to have sufficient capital market data related to the share price of each bank. The banking data in 2005 showed that the total assets of all banks in the banking system were of USD 1469.8 trillion. Thus, as based on Table 1 , the total value of assets for a sample of 23 banks was USD 1046.2 billion, representing 71.2% of all banking assets. In that case, it is the representative sample with the national banking conditions.
As stated earlier, the real probability calculation fails or real EDF in this study uses the Merton (1974) in which his model is on the model of Black and Scholes (1973) . In accordance with the option model, the input data required to run this model is a financial statement data and stock price data sample banks fail to observe risk neutral probability. The initial step in calculating the probability fail is to determine the value of the asset (V) and the volatility of assets (σ V ). Since the market value of assets and asset volatility cannot be observed directly, it should be estimated through the market value of equity and equity volatility. So, it is necessary to look for the market value of equity and equity volatility in advance.
The next is on Table 2 . This table reports the descriptive statistics of the logarithm of monthly equity returns and volatility banks of the sample for the period January 2000 -December 2005. All data were estimated using monthly basis by multiplying the mean annual used with 12 and a standard deviation with 12 . The standard deviation of this will be an important input for the model probability fail as inputs for determining the asset volatility (σ V ). Table 2 shows the descriptive statistics of the logarithmic returns and volatility monthly equity of banks that were sampled for the period January 2000 to December 2005. All the data is estimated to be made monthly and yearly basis by multiplying the mean with 12 and standard deviation with. Standard deviation of the data will then be input to obtain the volatility of assets (σV).
When the volatility of the equity value is found, the next is to find the value of other inputs such as the market value of equity, debt value, and point failed. The failed point is assumed to be half of the total long-term debt plus all short-term debts. Time horizon (T) that is used is one-year time horizon. This time horizon is from the time of the audit which shows the time to the next audit performed within one year. Therefore, it is assumed that a bank can survive in a period that has been targeted that within a year, even if the bank's assets cannot cover the total debt.
Since the calculation of risk-neutral probability of failed to require the presence of the risk free, this study uses the SBI as risk free. SBI is the average SBI 30 days, with an average value of 0.115 to 2005. As presented in Table 3 , it shows the inputs for the calculation of risk neutral EDF. The market value of equity refers to the stock market data December 2005. For the debt and the data point fails (default point) refers to the financial statements as of 31 December 2005.
When such two non-linear equations of the model of Merton are done through numerical measures, the market value of assets and the volatility of asset values can be found. After that, the EDF risk neutral value is found easily. Table 4 below reports the market value of assets, asset volatility and EDF risk neutral.
Based on Table 4 , there are some banks that the value of its assets falling below the failed point. They are Bank Bumiputra Indonesia, Bank Nusantara Parahyangan (BBNP), Bank Century (BCIC), Next is to separate the non-failed banks from failure in Indonesia. The bankruptcy law has not been implemented fully so as to make the bank as a bank fails normally that would impact the psychological to the other banks in the banking system. Therefore, the way to determine when the bank has failed is consistent with the model of Merton such as when the failed point (default point) occurs is more prevalent in the period when the asset is equal to the number of short-term debt plus longterm debt 50%, hence the point fails then compared to the probability of failing.
It appears that this model can predict the bank failure well because the future of Bank Century operation permit is revoked by Bank Indonesia, failing to bailout. Bank Century license revocation by BI is considered a considerable burden by the government or President Susilo Bambang Yudhoyono (SBY). The failure concerns risk neutral probability (EDF risk-neutral) and the Expected Default Frequency real (real EDF). The EDF value is the value of rating or the probability of failure can be used as input for the credit risk models. For testing the accuracy of the model, the Merton model, comparison is done that is between the probability of failure (Default Probability) banks that failed and did not fail to 2006 and 2007 with the results as presented in Table 5 .
It appears that in 2006, only Bank Bumi Putra Indonesia (BABP) that could come out of the fall in the value of assets under point failed, while Bank Nusantara Parahyangan (BNBP), bank Century (BCIC), the Bank International Executive (BEKS), Bank Victoria International (BVIC), and the Bank International Mayapada (MAYA) are banks with assets still fall below the point failure (TG) as in 2005. In 2007, only Bank Century (BCIC) the value of its assets falls below the value of the point of failure (TG). This shows that the model of Merton can be a good predictor for probabilities of failure. In finishing this research, it should still need further analysis. It shows that the position of the assets and liabilities of the six banks that have asset value (V o ) below the point of failure (TG) are such as Bank Bumiputra Indonesia (BABP), Bank Nusantara Parhyangan (BBNP), Bank Century (BCIC), the Eksekutif Internasional (BEKS), bank Victoria International (BVIC) and the Bank Mayapada Internasional (MAYA).
From Table 6 , it appears that the three banks are Bank Nusantara Parahyangan (BBNP), Bank Century (BCIC ), and bank Victoria International (BVIC) has no long-term debt and most of the debt is short-term debt and other debt, and bank Century bank showed the highest risk to the amount of assets and liabilities are much larger than the other two banks.
Again, the data of banks' assets and liabilities that have asset value (V 0 ) is under the failure point (TG). From the data bank's assets and liabilities is evident that Banks such as Bank Nusantara Parahyangan (BNBP), Bank Century (BCIC), and Bank Victoria Internasional (BVIC) are the banks that do not have long-term liabilities. They have almost all obligations that are short-term liabilities. These banks seem that the bank Century (BCIC) is a bank that has the highest risk because they are the largest banks in terms of assets and liabilities (more than four-time fold) compared to other risky banks. Assets and liabilities are based on data taken from the financial statements of Bank Century that is evident being lack of support for Merton models as predictors of bank failures models in terms of the support of the financial statements.
CONCLUSION, IMPLICATION, SUGGES-TION, AND LIMITATION
Now that this study concerns the application of BSM approach to predict the probability of the public banks that failed in Indonesia. It can be concluded that the model can predict the status of bankruptcy options with accurate even before the information given to the public. It is evidently the revocation of operating licenses of Bank Century later was identified and noted as the bank bailed out by the government. Furthermore, the model here not only provides an ordinal ranking of the banks used as the sample but also provide early warning of good predictability for the public. Besides that, this study is in line with research conducted by Bandyopadhyay (2007) . Estimates based on the probability that the option may be an innovative approach to measure and manage credit risk in the future.
However, it has limitations and therefore suggestion must be asserted here. For example, for future research, it requires calibrating the probability of default (EDF Real) with a existing rater. By doing so, it can better get the rating that can be approached rating for the institutions that have existed. 
